At 3 weeks after jejunal-bypass operation in the rat, the proximal ileum exhibited a greater sucrase specific activity than did sham-operated controls, whereas isomaltase activity was unaffected. Electroimmunoassay of sucrase-isomaltase and a degradation product, isomaltase monomer, revealed an elevated molar ratio of sucrase subunit to isomaltase subunit in operated rats, suggesting a decrease in the extent of degradation of ileal sucrase-isomaltase after the jejunal-bypass operation.
INTRODUCTION
The dimeric enzyme sucrase-isomaltase is synthesized as a single precursor protein (Hauri et al., 1979 (Hauri et al., , 1982 Sjostrom et al., 1980; Montgomery et al., 1981; Hunziker et al., 1986) . In the brush-border membranes, this precursor protein is cleaved into two mature subunits by the action of pancreatic proteinases (Hauri et al., 1979; Sj6strom et al., 1980) . Previously, it was demonstrated that, during the degradation of sucrase-isomaltase by pancreatic proteinases, degradation of sucrase subunit precedes that of isomaltase subunit in rat jejuno-ileum (Goda & Koldovsky, 1985; Goda et al., 1988a) , resulting in accumulation of a degradation product, i.e. isomaltase monomer (Goda et al., 1988a) . The difference in susceptibility to proteolysis between the two subunits is presumably attributed to the positioning of sucrase-isomaltase in the brush-border membranes; i.e. sucraseisomaltase is known to be bound to the membranes via a hydrophobic polypeptide segment which is located near the Nterminal region of the isomaltase moiety (Brunner et al., 1979; Hunziker et al., 1986) . It has been demonstrated that the extent of degradation of sucrase-isomaltase is greater in the distal small intestine than in the proximal small intestine (Goda & Koldovsky, 1985; Goda et al., 1988a,b) . Therefore, it was possible that the proximo-distal gradient of sucrase activity in jejuno-ileum is partially associated with the extent of degradation of the sucrase subunit.
The segmental activity of sucrase is reportedly increased after massive jejunal resection or jejunal-bypass operation in the remaining segments of small intestine (McCarthy & Kim, 1973; Stock et al., 1982) . Since the jejunal bypass possibly produces the changes in the intestinal transit time of luminal pancreatic proteinases as well as the amounts of substrates (e.g. oligosaccharides) reaching the remaining distal segment, the question arises as to whether degradation of sucrase-isomaltase is modified by jejunal bypass in the residual ileal segment. To evaluate the extent of degradation of sucrase-isomaltase, we monitored the activity ratio of sucrase to isomaltase, as well as the molar ratio of sucrase subunit to isomaltase subunit in the proximal ileum of jejunum-bypassed rats.
MATERIALS AND METHODS

Animals and operation procedure
Male rats (6 weeks old) of Sprague-Dawley strain (Japan SLC, Hamamatsu, Japan) were housed individually in metal hanging cages and had free access to a standard laboratory diet (MF; Oriental Yeast Co., Tokyo, Japan). At 7 weeks of age, the animals were starved for 24 h and anaesthetized with an intraperitoneal injection of 5 mg of sodium pentobarbital/100 g body wt. A jejunal-bypass operation was performed by the procedure described by Lambert (1965) . Briefly, at 5 cm distal to the Treitz band, an incision was made in the wall of the intestine. A second incision was made in the middle of the jejuno-ileal segment, separating jejunal and ileal segments. The proximal jejunal segment (5 cm) and the proximal ileal segment were then sutured end-to-end. The excluded loop, sutured at one end, was anastomosed by an end-to-side anastomosis at the level of the sigmoid. Control animals were anaesthetized after fasting for 24 h, and simple transections followed by anastomosis were carried out at the two sites of the small intestine corresponding to the anastomosis of the jejunum-bypassed rats. The third group of animals were starved for 24 h, and they underwent no operation; this group was designated as normal.
After the operation, all rats, including the normal rats, received 5 % (w/v) glucose/ I % NaCl solution for 5 days. In a preliminary experiment, we observed that the operated rats consumed only a small quantity of diet during the 5-day period after the operation. Therefore, during this post-operative period, the same amounts of the glucose/NaCl solution as the operated rats consumed were given to the sham-operated rats and the normal rats. At 5 days after the operation, all animals received free access to the standard laboratory diet. Food intake ad libitum by operated rats, expressed as an average daily intake over days 5-20, was 22.7 +0.8 g/day (mean +s.E.M., n = 4). This value did not differ significantly from those of sham-operated rats (24.4 + 0.8; n = 5) and the normal rats (25.2 + 0.3; n = 4). Deionized water was provided ad libitum throughout the entire experimental period. The animals were killed by decapitation between 10:00 and 11:30 h, 20 days after the operation.
Preparation of intestinal samples
The small intestine was quickly removed and the duodenum was discarded. The ileal segment of operated rats extending from the anastomosis to the ileo-cecal valve was divided into two segments of equal length, referred to as proximal ileum and distal ileum respectively. The corresponding segments were obtained from the sham-operated rats and the normal rats. In addition, the jejunal segment, which extended from 5 cm distal to the ligament of Treitz to the proximal end of the ileum, was obtained from the sham-operated rats and the normal rats. Each segment was flushed with ice-cold 0.90% NaCI solution. Mucosa was scraped from each segment with a glass microscope slide. Intestinal mucosa was weighed and taken for brush-border preparation, by the method of Kessler et al. (1978) . The mucosa was homogenized in 10 vol. (v/w) of ice-cold 5 mmmannitol/2 mM-Tris/HCl buffer (pH 7.1). A portion of the homogenate was stored at -20°C for assay of sucrase and isomaltase activities. The membrane pellet was suspended in 10 mM-potassium phosphate buffer (pH 7.0) containing 1 % Triton X-100. The Triton X-100-treated brush borders were then incubated at 4°C for 90 min with frequent stirring. The insoluble material was removed from the membranes by centrifugation at 105 000 g for 60 min. The resulting supernatant was used for the determination of sucrase and isomaltase activities and the quantification of immunoreactive sucrase-isomaltase and isomaltase monomer.
Enzyme assays
Sucrase and isomaltase activities were assayed as described by Dahlqvist (1964) , with 28 mM-sucrose and -palatinose as substrate, respectively. Palatinose was used as a substrate of isomaltase, since it is known to be hydrolysed by the isomaltase subunit of sucrase-isomaltase (Dahlqvist et al., 1963; Goda & Hosoya, 1983) .
Preparation of antiserum
Sucrase-isomaltase was purified from the jejuno-ileum of 3-month-old Sprague-Dawley rats by the method of Kolinska & Kraml (1972) , as modified by Goda & Koldovsky (1985) . The specific antiserum against sucrase-isomaltase was raised in a rabbit immunized with purified sucrase-isomaltase as described previously (Goda & Koldovsky, 1985) .
Immunological assays
Immunoreactive sucrase-isomaltase was quantified by electroimmunoassay (rocket technique; Laurell, 1972) with purified sucrase-isomaltase as standard as described by Goda & Koldovsky (1985) . The height of the second peak of immunoprecipitates, which corresponds to isomaltase monomer (Goda et al., 1988a) , was measured for quantification of immunoreactive isomaltase monomer by using purified isomaltase monomer as standard as described elsewhere (Goda et al., 1988a Burton (1978) , with calf thymus DNA as standard.
Statistical analysis
All results were subjected to one-way analysis of variance.
Differences in mean values between groups were tested by using Tukey's multiple range test (Sokal & Rohlf, 1981) .
RESULTS
Protein and DNA contents and activities of sucrase and isomaltase in intestinal segments
The post-operative weight gain of jejunum-bypassed rats was 79 + 8 g (mean + S.E.M.; n = 4). This value was approx. 25 % lower than those of sham-operated rats (102 + 6; n = 5) and normal rats (105 + 8; n = 4). In the proximal ileum of the operated rats, a remarkable increase, as compared with the sham-operated rats, in mucosal total protein and DNA contents was observed (Table 1 ). The extent of the increase in the amount of total protein was similar to that of DNA, indicating that the increase in the number of cells, i.e. hyperplasia, occurred in the proximal ileum of bypassed rats. In the distal ileum, there were no significant modifications in the amounts of mucosal protein and DNA after jejunum bypass (Table 1) .
In normal rats and sham-operated rats, the specific activity (per mg of protein) of sucrase in the proximal ileum was remarkably lower than those in jejunum of the corresponding group, whereas isomaltase activity was similar in the two segments (Table 1 ). In jejunum-bypassed rats, the specific activity of sucrase in proximal ileum was significantly (P < 0.05) elevated as compared with those in the corresponding segment of other groups. The sucrase activity found in the proximal ileum of operated rats was similar to that in jejunum of normal rats and sham-operated rats. In contrast, the specific activity of isomaltase in the proximal ileum was unchanged by the operation. The activity ratio of sucrase to isomaltase (S/I) in the proximal ileum was significantly (P < 0.01) greater in the operated rats than in other groups, reaching the value found in the jejunal segment of normal rats and sham-operated rats (Table 1) .
The distal ileum exhibited in all groups a decrease in both sucrase and isomaltase activities as compared with the proximal ileum. The S/I activity ratio in the distal ileum was approx. 50 % of that in the proximal ileum in all groups. In operated rats, the sucrase activity in the distal segment exhibited a slight (insignificant) increase relative to those in normal rats and shamoperated rats, resulting again in a significant elevation of S/I activity ratio in the operated rats (Table 1) .
Effects of jejunal bypass on the amounts of immunoreactive sucrase-isomaltase and isomaltase monomer in proximal ileum
In order to explore the mechanism whereby S/I activity ratio is elevated injejunum-bypassed rats, brush borders were prepared from the proximal ileum, sucrase-isomaltase was solubilized with Triton X-100 from the membranes, and the amount of immunoreactive sucrase-isomaltase was determined ( Table 2) . The enzyme activity recovered in the brush-border membranes, expressed as a percentage of that in the initial homogenate, was 32.7+1.6 % (13) for sucrase activity, and 35.7+1.9% (13) for isomaltase activity. This recovery was similar among the groups. The recovery of enzyme activities in the Triton X-100-solubilized supernatant relative to the activities in the brush-border membranes was 79.3 + 2.4 % (13) for sucrase activity and 69.8 + 2.1 % (13) for isomaltase activity. The yields were unaffected by the operation. The specific activities of sucrase solubilized from the brush-border membranes of proximal ileum were remarkably elevated in the operated rats relative to the sham-operated rats (Table 2 ), in concert with the results obtained in mucosal homogenates (Table 1) . In contrast, isomaltase activity was similar among the groups. Consistent with the results obtained in the mucosal homogenate, the S/I activity ratio in Triton X-100-solubilized supernatant of proximal-ileal brush-border membranes of operated rats was higher than those of normal rats and sham-operated rats ( Table 2 ). The amounts of immunoreactive sucrase-isomaltase were similar among the groups. However, the amounts of immunoreactive isomaltase monomer in the operated rats were decreased compared with normal rats and shamoperated rats (Table 2) . Since the molecular mass of isomaltase subunit is similar to that of sucrase subunit, we computed the total amount of isomaltase subunit as (amount of isomaltase monomer+amount of isomaltase subunit in the sucrase-iso-Sucrase-isomaltase in jejunum-bypassed rats (1zmol/h per ,ug of isomaltase) * Calculated by (IRSI/2)/(IRI + IRSI/2). maltase complex) = (IRI + IRSI/2). Similarly, the molar ratio of sucrase subunit to isomaltase subunit was calculated as the ratio of the amount of sucrase subunit to the amount of isomaltase subunit, i.e. (IRSI/2)/(IRI + IRSI/2). The molar ratio of sucrase subunit to isomaltase subunit was significantly (P < 0.01) greater in the operated animals than in the other groups. The sucrase catalytic activity per ,ug of immunoreactive sucrase-isomaltase tended to be increased by the operation, and the value for operated rats was significantly (P < 0.05) greater than that of normal rats (Table 2 ). In contrast, the isomaltase catalytic activity per ,sg of isomaltase subunit was unchanged by the operation (Table 2) .
DISCUSSION
Previous studies have demonstrated that, during the degradation of sucrase-isomaltase by pancreatic proteinases, the degradation of sucrase subunit precedes that of isomaltase subunit in rat jejuno-ileum (Goda & Koldovsky, 1985; Goda et al., 1988a) . In the present study we monitored the extent of degradation of sucrase-isomaltase by both the ratio of sucrase to isomaltase activity and the molar ratio of sucrase subunit to isomaltase subunit. Our results strongly suggest that the extent of degradation of sucrase-isomaltase is decreased in the proximal ileum of jejunum-bypassed rats as compared with the corresponding segment of normal rats. The decreased degradation of sucrase-isomaltase in the operated rats was further supported by the evidence that sucrase catalytic activity per unit weight of immunoreactive sucrase-isomaltase was increased in the operated rats relative to that of normal rats (Table 2) .
In sham-operated as well as normal rats, the specific activity of sucrase in jejunum was higher than that in the proximal ileum, whereas the specific activity of isomaltase was similar between the two segments (Table 1) . This result confirms previous reports by Goda and co-workers (Goda & Koldovsky, 1985; Goda et al., 1988a,b) , which demonstrated a proximo-distal gradient in rat jejuno-ileum of sucrase activity (expressed on the basis of total protein or of immunoreactive sucrase-isomaltase) and S/I ratio, in clear contrast with the lack of difference of isomaltase activity between upper and lower jejunum. Since pancreatico-biliary duct occlusion led to disappearance of the difference of sucrase activity between upper and lower jejunum (Goda & Koldovsky, 1985) , it was conceivable that the proximo-distal gradient of sucrase activity is attributed to the difference in the extent of degradation of sucrase-isomaltase between intestinal segments. Indeed, trypsin activity present in the lumen of distal small intestine has been reported to be remarkably greater than in the proximal small intestine (Goda & Koldovsky, 1985; Goda et al., 1988b) . In the present study, we found that injejunum-bypassed rats the specific activity of sucrase in the proximal ileum was elevated to that obtained in the jejunum of normal and sham-operated rats (Table 1 ). In the proximal ileum of operated rats, the S/I activity ratio was again elevated to a value similar to that of jejunum of normal and sham-operated rats. In addition, the S/I activity ratio in the distal ileum was also elevated in the operated rats as compared with that in the normal rats. These results strongly suggest that the removal of jejunal segment from the intestinal continuity by bypass construction caused an alteration of luminal environments, resulting in a decreased degradation of microvillar sucrase-isomaltase in the ileum.
Jejunal resection and bypass are assumed to cause various changes in the luminal environment on the brush-border membranes of remaining distal small-intestinal segment, including the increased nutrient supply and the amounts of luminal proteinases Vol. 276 565 and bile secreted from pancreas and liver, respectively. Since it is well known that sucrase activity is greatly influenced by dietary carbohydrates (Goda & Koldovsky, 1988) , it was also possible that dietary-induced increase in sucrase activity occurred in the ileum of operated rats. However, the increase of sucrase activity was not accompanied by a change in isomaltase activity or in immunoreactive sucrase-isomaltase, but it was accompanied by a decrease in the amount of immunoreactive isomaltase monomer, suggesting that modification of the rate of degradation of sucrase subunit occurred, rather than a change in the stimulation of synthesis of sucrase-isomaltase.
It was reported that in the rats with bypassed jejunum the specific activities of sucrase and maltase are elevated in the ileum (Stock et al., 1982) . Pancreatic contents of amylase and proteinases are reportedly decreased in the jejunum-bypassed rats as compared with the sham-operated rats (Stock et al., 1982) . This may lead to a decrease in pancreatic secretion of proteinases, which are known to play a major role in degradation of microvillar disaccharidases, including sucrase-isomaltase (Alpers & Tedesco, 1975) .
Alternatively, the modification of the extent of degradation of sucrase-isomaltase in the proximal ileum of jejunum-bypassed rats may be associated with the hyperplastic change in the morphology of this segment. The adaptive hyperplasia in the residual segment following jejunal bypass or resection is considered to accompany the rapid cell migration and increased cell population of relatively immature villus cells (Dowling, 1982) . Whereas synthesis of sucrase-isomaltase takes place maximally in the lower villus cells (Riby & Kretchmer, 1984) , it is conceivable that degradation -of sucrase-isomaltase occurs maximally in a more apical region of villus cells. Therefore it was possible that the hyperplastic villus in jejunum-bypassed rats contained an increased number of newly differentiated villus cells, in which sucrase activity was fully expressed but the extent of degradation of sucrase subunit was still low.
In conclusion, our results indicate that the adaptational increase of sucrase activity in proximal ileum of jejunumbypassed rats is not only due to an increase in the number of enterocytes, but is also attributed to decreased degradation of the sucrase subunit.
This work was supported by a Grant-in-Aid for Scientific Research from the Ministry of Education, Science and Culture of Japan. We thank Dr. Otakar Koldovsky for discussion and.comments on the manuscript.
